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I. Introduction
MIPAS [Fischer et al., 2008] is a mid-infrared Fourier Transform spectrom-eter that sounded the atmospheric
emission at limb onboard the ENVISAT satel-
lite. It was launched on 31 March 2002 in a
sun-synchronous polar orbit of about 800 km
altitude and operated until 8 April 2012.
The limb scanning sequence observed by
the instrument is made of spectra that sound
the atmosphere at different tangent altitudes
(the tangent altitude is the minimum altitude
reached by the line of sight and is also the alti-
tude from where most of the observed signal
originates). The inversion of the measurements
allows the determination of the vertical profiles
of the atmospheric quantities of interest in the
range of the tangent altitudes covered by the
limb scanning sequence, which is 6-70 km for
the nominal measurement mode.
Four different retrieval codes have been de-
veloped for the analysis of MIPAS measure-
ments and have been used for the processing
of the entire MIPAS mission.
These are:
• the ESA processor [Raspollini et al., 2013,
Raspollini et al., 2006, Ridolfi et al., 2000]:
ML2PP V6 of this processor and the corre-
sponding dataset will henceforth be referred
as ML2PP;
• the GMTR, developed at Bologna Univer-
sity [Carlotti et al., 2006, Dinelli et al., 2010]:
this processor and the corresponding dataset
V2.3 will henceforth be referred as BOL;
• the algorithm obtained by the joint effort
of the Institut für Meteorologie und Kli-
maforschung (IMK) at Karlsruhe Institute of
Technology and the Instituto de Astrofísica
de Andalucía (IAA) [von Clarmann et al.,
2003a,von Clarmann et al., 2009]: this proces-
sor and the corresponding dataset (V5R_222
for CH4 and N2O, V5R_220 for the other
species) will henceforth be referred as IMK;
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• the algorithm MORSE developed at Oxford
University [Dudhia, 2008]: this processor
and the corresponding dataset V1.4 will
henceforth be referred as OXF.
The four retrieval algorithms use the same
Level 1b data (calibrated and geolocated spec-
tra) provided by ESA.
An assessment of the internal consistency
of their products, which so far has been proven
only by means of a blind test retrieval exper-
iment based on synthetic spectra [von Clar-
mann et al., 2003b], while a comparison using
real data has been performed only for ozone
products [Laeng et al., 2013], is the objective of
this paper. A comprehensive data set is now
available and it represents a great opportunity
to make a statistically significant comparison
aiming at the determination of the possible
systematic errors and at the identification of
possible improvements.
II. Differences between the four
algorithms
All algorithms use the global fit approach, i.e.
the spectra of each scan are fitted simulta-
neously (minimizing the quadratic norm of
the noise-weighted residuals between measure-
ments and forward model calculations, with a
constraint), but while three of them perform a
one-dimensional (1D) retrieval, i.e. each scan is
fitted separately, the forth one (BOL) performs
the simultaneous retrieval of all scans of the
orbit (two-dimensional (2D) retrieval). Gener-
ally the different species are retrieved sequen-
tially, with some exceptions for BOL and IMK,
and retrieved profiles from previous retrievals
are used as assumed profiles in subsequent
retrievals.
The forward models of the four algorithms
compute the radiative transfer integral along
the line of sight taking into account the atmo-
spheric vertical inhomogeneities, but different
assumptions are made by the four algorithms
about the horizontal inhomogeneities. The at-
mosphere is assumed to be in Local Thermodi-
namic Equilibrium (LTE) by all algorithms ex-
cept IMK, which is able to properly handle
deviations from LTE (non-LTE), but it routinely
uses only for selected species. Scattering is not
included in the radiative transfer integral, and
the spectra affected by thick clouds, identified
by the cloud filtering algorithm [Spang et al.,
2002, Spang et al., 2004], are not included in
the analysis. Retrievals are performed limiting
the fit to selected spectral intervals (called mi-
crowindows, MWs) containing most informa-
tion on the target parameters and minimizing
the systematic errors also introduced by the
assumptions in the forward model. The main
differences between the four algorithms (con-
straints, retrieval grid, microwindows, forward
model, cloud filtering thresholds) are summa-
rized in Table 1.
III. Procedure for the comparison
The performances of the four algorithms are
compared in terms of seasonal averages of sin-
gle scan retrieval error and seasonal averages
of single scan vertical resolution of their prod-
ucts. Possible biases between the products of
the four algorithms are searched by computing
differences between seasonal averages of each
of the three algorithms OXF, BOL and IMK
with respect to ML2PP.
Seasonal averages, in a three month period,
of temperature profiles and Volume Mixing Ra-
tio (VMR) profiles of water vapor, nitric acid,
methane, nitrous oxide and nitrogen dioxide
are compared for six latitude bands (90◦N –
65◦N, 65◦N – 20◦N, 20◦N – 0◦, 0◦– 20◦S, 20◦S –
65◦S, 65◦S – 90◦S) and for daytime and night-
time observations. Daytime (nighttime) pro-
files are identified with the sun elevation angle
at the geolocation of the tangent altitude of
the middle sweep of the scan. The analysis is
performed considering the nominal mode mea-
surements made in two years (2008 and 2009)
that correspond to the second phase of the MI-
PAS mission (years 2005-2012). This phase is
characterized, with respect to the first phase
(years 2002-2004), by a reduced spectral resolu-
tion but an improved spatial resolution (Opti-
mized Resolution – OR). Independent analyses
are performed for two years (2008 and 2009) to
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Table 1: Main differences between the four algorithms
Retrieval approach Assumptions in the forward model
Algorithm Constraint Retrieval grid Multi-
target
1D/2D
retrieval
Spectral
intervals
(MWs)
Horizontal
homogene-
ity
Local Ther-
modinamic
equilibrium
Cloud
filtering
threshold*
ML2PP Levenberg-Mar-
quardt regulari-
zation approach
and a posteriori
self-adapting
Tikhonov regu-
larization (for all
species but H2O
retrieval).
Pressure grid cor-
responding to the
27 tangent alti-
tudes of the nom-
inal measurement
mode.
No 1D OXF MWs Yes Yes 1.8
OXF Optimal estima-
tion.
Pressure grid cor-
responding to the
27 tangent alti-
tudes.
No 1D OXF MWs Yes Yes 1.8
IMK Tikhonov regu-
larization against
ECMWF temper-
ature for temper-
ature retrieval,
and with constant
constraint for gas
retrievals.
Altitude grid
with spacing of
1 km up to 44
km and of 2 km
between 44 and
70 km.
CH4,
N2O
1D IMK MWs Assumed
horizontal
gradient of
temperature
along the
line of sight.
Modelling
of non-LTE
condition
in NO2
retrieval
4
BOL Optimal Estima-
tion and Leven-
berg-Marquardt
regularization
approach
Altitude grid,
with 3 km vertical
steps from 6 to 42
km and at 47, 52,
60 and 68 km.
T, O3,
H2O
2D Dedicated
MWs for T,
H2O and
O3, OXF
MWs for
the other
species
Fitted hori-
zontal gradi-
ents for all
species
Yes 4
* CI=ratio of the integrated radiances in two MWs, with the second MW mostly sensitive to aerosol and cloud emissions. Spectra with
CI smaller than CI threshold are filtered out. With a larger CI threshold more clouds are filtered out.
evaluate if the results are consistent enough to
consider the results of one year representative
of OR measurement performances. Compar-
isons are made on a common pressure grid,
corresponding to an altitude grid of 1 km be-
low 56 km and 2 km above 56 km. This fine
grid, chosen in order to reduce the resampling
error in the comparison, approximately corre-
sponds to the finest of the four retrieval grids.
The averages are computed including all
the retrieved profiles that passed the filtering
procedure. For all datasets, only profile lev-
els not filtered out for the clouds and pro-
files for which convergence has been reached
are included in the average. Furthermore, in
BOL database, all profiles with information
gain less than 0.3 are filtered out, as well
as all profile levels xi with absolute devia-
tion from the median larger than 6 times the
MAD. MAD is calculated by finding the me-
dian of the absolute deviation between ob-
servations xi and the median, M, of n data
points: MADn = median (|xi −Mn|). In OXF
database, any profile level whose retrieval ran-
dom error is greater than 70% of the profile
value is discarded. In the ML2PP dataset,
profiles characterized by a chi-square larger
than a species dependent threshold are dis-
carded. In IMK dataset, profile levels whose
diagonal values of the Averaging Kernel Ma-
trix (AKM) [Ceccherini et al., 2010] are smaller
than 0.03 are discarded.
The consequence of the individual filtering
procedure is that, for the different algorithms,
not exactly the same measurements enter the
averages. This has been verified not to intro-
duce a significant difference in the seasonal
averages, because the number of the averaged
3
ANNALS OF GEOPHYSICS, 56, Fast Track-1, 2013; 10.4401/ag-6338
profiles for each latitude band and each sea-
son is always much larger than the number of
different measurements. An exception may be
encountered for night polar summer and day
polar winter where averages are performed on
a statistically small number of samples. How-
ever, also these differences are interesting, be-
cause the main objective here is to compare
seasonal averages obtained by the different MI-
PAS algorithms in order to see how all the
different choices made in the four algorithms
(cloud filtering, microwindows, regularization,
filtering and so on) have an impact on them.
IV. Comparison of diagnostic
parameters of the four algorithms
The performances of each retrieval are charac-
terized by the trade-off that the retrieval con-
straints (either regularization or a-priori) deter-
mine between the two diagnostic parameters:
the retrieval error and the vertical resolution.
The retrieval error is the propagation of the
measurement noise through the retrieval and
its Covariance Matrix (CM) [Ceccherini et al.,
2010] is computed by the four algorithms and
provided for each scan (OXF and BOL prod-
ucts just include the diagonal elements of CM).
The retrieval error depends on the sensitivity
of the measurements to the target parameters,
which, in turn, is driven by the amplitude of
the emitted radiance and by the temperature
of the atmosphere. Given the large seasonal
and latitudinal variability of the temperature
profile, the retrieval errors are characterized by
a large variability.
The vertical resolution is estimated using
the AKM calculated by the four algorithms.
The vertical resolution at altitude zi is com-
puted, for each profile, as ∆zi/AKMii, where
∆zi is the retrieval step at altitude zi and AKMii
is the diagonal element of the AKM at the al-
titude zi. ML2PP and IMK provide for each
scan the full AKM and its diagonal element re-
spectively, and for their products it is possible
to compute the vertical resolution in a rigor-
ous way. BOL provides representative AKMs
for selected season and latitude bands. OXF
does not provide routinely the AKM of each
scan in its products, neither the complete CM,
and hence the AKMii has been estimated as
equal to 1− (sdx/sda)2, with sdx and sda re-
spectively the retrieval and the a priori error,
that is only considering the diagonal terms of
the CM. This approach, being rigorous only if
the off-diagonal terms of the CM are negligible,
and hence if the retrieved points are uncorre-
lated, overestimates the diagonal terms of the
AKM when an a priori constraint is used and
consequently underestimates the value of the
vertical resolution.
Seasonal averages of the diagnostic param-
eters are computed after interpolating both re-
trieval error profile and vertical resolution pro-
file of each scan with the same method used for
the temperature and VMR profiles, because the
average performances on the native retrieval
grid rather than the performances of the aver-
age are the objective of our analysis.
Figure 1 shows, for ozone, the seasonal av-
erages of single scan absolute retrieval error
(left plot) and the seasonal averages of single
scan vertical resolution profile (right plot) for
the four processors, for equatorial and South-
ern hemisphere polar winter conditions. BOL
has the worst vertical resolution, with a peak
of 8 km at high altitudes. This is a consequence
of the used retrieval grid, being significantly
coarser than the retrieval grid of the other algo-
rithms (see Table 1). Furthermore, for tempera-
ture, ozone and water vapor, that are obtained
with a joint retrieval, the retrieval error takes
into account also the propagation of the error
of the profiles that are jointly retrieved and
this leads to a more comprehensive, but larger
retrieval error. Among the other three algo-
rithms, OXF has the largest retrieval error and
the best vertical resolution. The use of a self-
adapting regularization strength based on the
retrieval error of each scan allows ML2PP to
maintain a fairly constant vertical resolution
for different atmospheric conditions, while the
retrieval error changes significantly. Contrarily,
IMK uses a regularization with a fixed strength,
and hence its regularization is stronger (and
hence vertical resolution is worst) when the in-
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Figure 1: Ozone zonal means of single scan random error profile (left plot) and vertical resolution profile (right plot) of
BOL (red curves), OXF (green curves), IMK (blue curves) and ML2PP (pink curves) for equatorial (curves
with circles) and Southern hemisphere polar winter (curves with triangles) conditions.
formation content of the measurement is lower,
while the retrieval error does not change sig-
nificantly.
Similar considerations can be done for the
other species. The plots of the seasonal aver-
ages of single scan absolute retrieval error and
of single scan vertical resolution profile for the
four processors for temperature, water vapour,
nitric acid, methane, nitrous oxide and nitro-
gen dioxide are reported in the supplementary
material (Figs. S1-S6).
V. Differences in mean
temperature and VMR profiles
The differences between the zonal means of
BOL, OXF and IMK with respect to ML2PP
have been computed and reported in three
pressure-latitude maps for each season and
each year. Absolute differences are reported
for temperature and relative differences for
the VMR of the various species. Averages are
performed also distinguishing between day-
time and nighttime profiles to highlight pos-
sible problems due to diurnally varying sys-
tematic errors. Figure 2 shows the maps for
temperature relative to June-July-August 2009
period, for both daytime and nighttime con-
ditions. The maps relative to other seasons
and other species are reported in the supple-
mentary material (Figs. S7-S61) ), and here
below the overall results are summarized. Dis-
continuities in the maps are due to the coarse
discretization of the latitude bands on which
the comparison is performed.
The mean profiles of the four algorithms,
as well as the differences between OXF, IMK
and BOL products with respect to ML2PP
products, computed for five ’reference’ atmo-
spheres (polar summer, polar winter, equa-
torial, midlatitude daytime and midlatitude
nighttime) are collected in summary plots for
each species. Mean differences are compared
with the systematic error profiles estimated for
OXF microwindows for each reference atmo-
sphere [Dudhia, 2008], and hence representa-
tive of OXF, ML2PP, and, partly, BOL system-
atic errors. IMK systematic errors are generally
comparable [von Clarmann et al., 2009]. Fig-
ure 3 reports the summary plots for ozone, the
plots relative to the other species are contained
in the supplementary material (Figs. S62-S67).
For all species, no significant difference was
observed between the independent analyses
performed for years 2008 and 2009.
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Figure 2: Maps of the differences between the temperature zonal means of BOL and ML2PP (left plots), OXF and
ML2PP (center plots), IMK and ML2PP (right plots) for June-July-August 2009 period; upper plot: daytime
conditions, lower plot: nighttime conditions.
V.1 Temperature
Between 100 hPa and 1 hPa temperatures from
the four algorithms are consistent within 1◦K,
apart from a few exceptions (see Fig.2 and Figs.
S7-S13 and S62 of the supplementary material):
• In the polar winter, between 100 and 30 hPa,
ML2PP and OXF are colder than BOL up to
3◦K and than IMK up to 6◦K. Impact of un-
accounted polar stratospheric clouds could
have a role here.
• In midlatitude winter and autumn, mainly
BOL, but also IMK, differ from ML2PP and
OXF by about 1-3◦K and this difference
changes sign for daytime/nighttime condi-
tions. The cause of this behavior can be as-
cribed to the geometry of observation of MI-
PAS measurements and to the assumption
of horizontal homogeneity done in ML2PP
and OXF forward models. Indeed, MIPAS
looks backwards with respect to the satel-
lite’s flight direction in the nominal obser-
vation mode. This means that during the
descending part of the orbit (when flying
from North to South), which away from the
Poles corresponds to daytime observations,
the instrument looks northward, while dur-
ing the ascending part (when flying from
South to North), which away from the Poles
corresponds to nighttime observations, it
looks southward. As a consequence, in a
region with temperature increasing north-
wards it sees a negative temperature gra-
dient in nighttime observations and a pos-
itive temperature gradient in daytime ob-
servations [Kiefer et al., 2010]. This asym-
metry in the observations, in presence of
non-linearity effects, leads to a bias in the
retrieved temperature when horizontal gra-
dient are not taken into account and this is
seen as a bias between the algorithms that
6
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Figure 3: Mean ozone profiles of the four algorithms and mean differences with respect to ML2PP, plotted versus
ML2PP estimated systematic error profile, computed for five reference atmospheres (polar summer: seasonal
mean of JJA 2008 period, daytime profiles, latitude band: 90◦N – 65◦N; polar winter: seasonal mean of JJA
2008 period, nighttime profiles, latitude band: 65◦S – 90◦S; Midlatitudes day: annual mean of 2008, daytime
profiles, latitude band: 20◦N – 65◦N; Midlatitudes night: annual mean of 2008, nighttime profiles, latitude
band: 20◦N – 65◦N; Equatorial: annual mean of 2008, daytime profiles, latitude band: 0◦– 20◦S).
take into account inhomogeneities and the
others. The bias in the retrieved tempera-
ture of ML2PP and OXF is only visible when
comparing the mean of ascending and de-
scending profiles separately: when averages
are performed including measurements from
both daytime and nighttime observations, as
well as from different seasons, differences
compensate each other and the resulting bias
is very small (see Fig. S62 of the supplemen-
tary material).
At high altitudes, in particular between 1 and
0.2 hPa, BOL and OXF are 2-4◦K warmer than
ML2PP in the tropics and in the summer and
spring hemisphere for midlatitudes. Between
0.2 and 0.08 hPa IMK is up to 3◦K colder
than BOL, ML2PP and OXF almost at all lati-
tudes. At low altitudes, in particular below 10
hPa, OXF and ML2PP are comparable within
1-1.5◦K with the exception of the tropical re-
gions in some seasons, IMK is more than 3◦K
warmer than OXF and ML2PP at almost all
latitudes. Further investigations are needed
to understand the causes of these differences,
but these have to be searched in the use of dif-
ferent microwindows, different cloud filtering
thresholds and different interferences due to
sequential or multi-target retrievals.
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V.2 Water vapor (H2O)
Between 60 hPa and 0.2 hPa water vapor pro-
files from the four algorithms are consistent
within 10% (Figs. S14-S21 and S63 of the sup-
plementary material). In the troposphere, in
particular between 200 and 70 hPa, differences
between the four algorithms are larger than
40%, with the IMK mean profile being the
highest one and OXF and BOL profiles being
the lowest ones. Differences between the verti-
cal resolution of the different algorithms and
hence difficulties in matching the hygropause
can be responsible of some of the observed
differences.
In the mesosphere, in particular between
0.9 and 0.2 hPa, the BOL mean profile is the
smallest, while for pressures lower than 0.2 hPa
OXF and IMK profiles are the largest. Error
due to Non-LTE may have a major role here.
V.3 Ozone (O3)
Between 40 and 0.5 hPa ozone profiles from
the four algorithms are consistent within 5-10%
(see Fig. 3 and Figs. S22-S29 of the supple-
mentary material), with the largest differences
around the ozone peak. In particular, in the
Southern hemisphere polar winter, IMK is bi-
ased low with respect to the three algorithms
by more than 10% at ~3 hPa (near the ozone
peak) and is biased high by ~15% at ~20 hPa
(see Fig. 3 and Figs. S26 and S27 of the sup-
plementary material). This could be an effect
of the different regularization approaches used
by the four algorithms and of the choice of
microwindows.
In the tropics, between 60 and 40 hPa
ML2PP is biased high by about 15% with re-
spect to the other three algorithms, while be-
tween 200 and 80 hPa ML2PP is always biased
high with respect to IMK but it is biased low
with respect to BOL and OXF. Outside the trop-
ics, OXF and ML2PP are consistent within 10%
between 500 and 0.1 hPa. ML2PP and OXF
are biased high with respect to IMK for pres-
sures larger than 100 hPa at all latitudes and
with respect to BOL for pressures larger than
200 hPa. The positive bias of ML2PP, OXF and
BOL with respect to IMK in the troposphere,
also confirmed by validation of MIPAS prod-
ucts with ground based measurements [Laeng
et al., 2013], can be attributed to the different
microwindows used by the different retrievals.
For pressures smaller than 0.08 hPa ML2PP
is biased low for more than 30% with respect to
all others algorithms. This is also true between
0.2 and 0.08 hPa, but only with respect to IMK
and partially BOL, while OXF is even smaller
than ML2PP in this pressure range.
From Fig. 3 we can also see that the mean
differences between the profiles of the four al-
gorithms are generally smaller than the system-
atic errors of the individual retrievals and this
is true also for the other species. Indeed, the
estimation of the systematic errors includes all
errors that are not just propagation of the ran-
dom measurement error through the retrieval.
Given the length/time scale of variation of each
systematic error, when averaging on a long pe-
riod and a latitude band, some of these errors
may even change sign and compensate each
other.
The results found for ozone are consistent
with those of the comparison of the ozone
profile retrieved by the four algorithms made
in the frame of Ozone Climate Change Initia-
tive [Laeng et al., 2013].
V.4 Nitric acid (HNO3)
Between 100 and 5 hPa mean differences be-
tween the nitric acid profiles from the four al-
gorithms are generally within 5-10% (see Figs.
S30-S37 of the supplementary material for the
different seasons and Fig. S64 for the sum-
mary plots), apart from in the tropics and in
the Southern hemisphere winter and spring
polar conditions.
In the tropics BOL is about 10% larger than
the other 3 algorithms between 20 and 6 hPa
and up to 20% smaller between 60 and 25 hPa.
OXF nitric acid value around 100 hPa is signifi-
cantly larger than the values retrieved by the
other three algorithms, probably due to diffi-
culties in resolving the knee of the profile. In
the Southern hemisphere polar winter, mostly
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ML2PP, but also OXF, are biased low for more
than 50% with respect to BOL and IMK be-
tween 80 and 30 hPa (see Figs. S34-S35 and S64
of the supplementary material).
In midlatitudes, especially in winter and
summer (see Figs. S30-S31 and S34-S35 of the
supplementary material), (BOL - ML2PP) dif-
ferences change sign for daytime and nighttime
profiles. As in the case of temperature, this be-
havior can be attributed to the horizontal inho-
mogeneities that are only accurately handled
in BOL retrievals. The diurnal change of the
differences is significantly less evident in the
(IMK - ML2PP) differences, indicating that the
approach used by IMK for handling the hori-
zontal inhomogeneities (i.e. modeling the gra-
dient of temperature) only accounts for a part
of the problem and only BOL corrects for errors
due to HNO3 gradients. The fact that a sim-
ilar behavior is not seen for the other species
can be explained by the following two consid-
erations. First, the temperature bias caused
by horizontal gradients does not cause biases
in the minor constituent retrievals because the
non-linearities present in the radiative trans-
fer of temperature and minor constituents are
similar and the “effective” temperature, re-
trieved when neglecting the horizontal gradi-
ents, is the most suitable for the minor con-
stituent retrieval. Second, with the exception
of nitric acid, either horizontal concentration
gradients or species dependent non-linearities
present in minor constituent retrievals are usu-
ally small [Carlotti et al., 2013].
At high altitudes, i.e. for pressures smaller
than 4 hPa, ML2PP is more than 40% smaller
than the other three algorithms at all latitudes.
At low altitudes, i.e. for pressures larger than
100 hPa, ML2PP is more than 20% larger than
the other three algorithms. Further investiga-
tions are needed to understand this behavior.
V.5 Methane (CH4)
Differences between the methane profiles from
the four algorithms are within 10% between
50 hPa and 0.1 hPa (Figs. S38-S45 and S65),
with the exception of the Southern hemisphere
winter and spring polar conditions, where dif-
ferences between OXF and IMK with respect
to ML2PP are larger.
For pressures larger than 50 hPa, IMK is
10-20% larger than ML2PP and OXF at all lati-
tudes and seasons, even larger with respect to
BOL, that is about 10% smaller than ML2PP
below 150 hPa. Around 30 hPa, IMK is smaller
than the other three algorithms at almost all
latitudes. The cause may be ascribed to the
different microwindows used by IMK.
For pressures smaller than 0.2 hPa ML2PP
is larger than IMK and smaller than OXF.
V.6 Nitrous oxide (N2O)
Similar to methane, differences are within
~ 10% in the altitude range 100 hPa – 1 hPa
(Figs. S46-S53 and S66 of the supplementary
material), with the exception of the Southern
hemisphere polar winter and spring, where
OXF and IMK nitrous oxide values are sig-
nificantly larger than ML2PP and BOL ones.
For almost all latitudes and seasons, IMK is
about 10-15% larger than the other three algo-
rithms for pressures smaller than 2 hPa, while
between 1 hPa and 0.8 hPa ML2PP is more
than 20% smaller than the others.
V.7 Nitrogen dioxide (NO2)
The nitrogen dioxide profiles have very differ-
ent retrieval ranges in the four algorithms and
also in the common retrieval range consistent
results are obtained only in a limited interval:
differences between the algorithms are within
10% in the altitude range 10 hPa – 0.3 hPa
for nighttime measurements and in the alti-
tude range 10-1 hPa for daytime measurements
(Figs. S54-S61 and S67 of the supplementary
material). Impact of Non-LTE, that is taken
into account only in IMK retrievals, can be re-
sponsible of some of the found differences. In
the polar winter, OXF profiles are significantly
different from the others.
For pressures larger than 10 hPa ML2PP has
a positive difference up to 30-40% with respect
to the other three algorithms, especially for day-
time measurements. This could be explained
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by the error coming from a wrong assump-
tion of the profile below the lowest retrieved
altitude.
VI. Conclusions
The consistency of the different retrieval proce-
dures implemented in the four algorithms per-
forming MIPAS processing was here evaluated
with the objective of obtaining information for
the refinements of the algorithms themselves
and for a better assessment of the systematic
errors that affect the MIPAS products. Very
similar results are obtained for years 2008 and
2009, and these conclusions can be considered
to be representative of MIPAS Optimized Reso-
lution measurements.
The trade-off between retrieval error and
vertical resolution of the MIPAS products
varies for different atmospheric conditions and
different algorithms, and these differences are
explained by the different retrieval strategies
and regularization approaches adopted by the
four algorithms.
Despite the significant differences in the
four algorithms, in general in the stratosphere
the seasonal averages of their products are con-
sistent within 1◦K for temperature and within
5-10% for the VMR of the analyzed species,
with differences smaller than the estimated sys-
tematic error of individual retrievals. Differ-
ences larger than 10% are generally found in
the troposphere, where clouds may have a ma-
jor role, in the mesosphere, where contribution
of non-LTE may have an impact, and in the
Southern hemisphere winter polar conditions,
where the retrieval error is significantly larger
than in other conditions and hence also the im-
pact of the different retrieval constraints may
be larger.
Evidence of the impact of unaccounted hor-
izontal inhomogeneities in ML2PP and OXF
is seen, for middle latitude bands, in the tem-
perature (BOL - ML2PP) and (IMK - ML2PP)
differences and in nitric acid (BOL - ML2PP)
differences. For the other species no evidence
of the impact of the horizontal inhomogeneities
is found in (BOL - ML2PP) differences, indi-
cating that the “effective” temperature that is
retrieved by 1D retrievals (ML2PP and OXF) is
sufficient to compensate for temperature hori-
zontal inhomogeneities in the VMR retrievals.
Some of the observed differences can be
explained by the known differences in the for-
ward model or in the retrieval of the four
algorithms (handling of horizontal inhomo-
geneities, selected microwindows, cloud filter-
ing, regularization strategies), but some differ-
ences are still unclear and deserve a deeper
analysis. These findings, that however con-
tribute in providing a better assessment of the
systematic errors of MIPAS products, will be
used as guidance for further investigations and
future improvements in the algorithms. The fi-
nal assessment of the accuracy of MIPAS prod-
ucts requires also the comparison of MIPAS
measurements with accurate correlative mea-
surements.
Acknowledgments
This work has been performed under the ESA
Study “Support to MIPAS Level 2 product vali-
dation”, contract ESA-ESRIN no. 21719/08/I-
OL.
References
[Carlotti et al., 2006] Carlotti, M., Brizzi, G.,
Papandrea, E., Prevedelli, M., Ridolfi, M.,
Dinelli, B. M. and Magnani, L. (2006).
GMTR: Two-dimensional geofit multitar-
get retrieval model for Michelson Interfer-
ometer for Passive Atmospheric Sound-
ing/ENVIronmental SATellite observa-
tions. Appl. Opt., 45, 716–727.
[Carlotti et al., 2013] Carlotti, M., Arnone, E.,
Castelli, E., Dinelli, B. M. and Papandrea,
E. (2013). Position error in profiles re-
trieved from MIPAS observations with a
1-D algorithm. Atmos. Meas. Tech., 6, 419–
429, doi:10.5194/amt-6-419-2013
[Ceccherini et al., 2010] Ceccherini, S. and Ri-
dolfi, M. (2010). Technical Note: Variance-
covariance matrix and averaging kernels
10
ANNALS OF GEOPHYSICS, 56, Fast Track-1, 2013; 10.4401/ag-6338
for the Levenberg-Marquardt solution of
the retrieval of atmospheric vertical pro-
files. Atmospheric Chemistry and Physics, 10,
3131–3139.
[Dinelli et al., 2010] Dinelli, B. M., Arnone,
E., Brizzi, G., Carlotti, M., Castelli, E.,
Magnani, L., Papandrea, E., Prevedelli,
M. and Ridolfi, M. (2010). The MI-
PAS 2D database of MIPAS/ENVISAT
measurements retrieved with a multi-
target 2-dimensional tomographic ap-
proach. Atmos. Meas. Tech., 3, 355–374,
doi:10.5194/amt-3-355-2010.
[Dudhia, 2008] Dudhia, A. (2008). MIPAS-
related section of the web-site of the Ox-
ford University: http://www.atm.ox.ac.
uk/group/mipas
[Kiefer et al., 2010] Kiefer, M., Arnone, E.,
Dudhia, A., Carlotti, M., Castelli, E.,
von Clarmann, T., Dinelli, B. M., Kleinert,
A., Linden, A., Milz, M., Papandrea, E.
and Stiller, G. (2010). Impact of tempera-
ture field inhomogeneities on the retrieval
of atmospheric species from MIPAS IR
limb emission spectra. Atmos. Meas. Tech.,
3, 1487–1507.
[Fischer et al., 2008] Fischer, H., Birk, M.,
Blom, C., Carli, B., Carlotti, M., von Clar-
mann, T., Delbouille, L., Dudhia, A.,
Ehhalt, D., Endemann, M., Flaud, J. M.,
Gessner, R., Kleinert, A., Koopman, R.,
Langen, J., López-Puertas, M., Mosner, P.,
Nett, H., Oelhaf, H., Perron, G., Reme-
dios, J., Ridolfi, M., Stiller, G. and Zander,
R. (2008). MIPAS: an instrument for atmo-
spheric and climate research Atmos. Chem.
Phys., 8, 2151–2188, doi:10.5194/acp-8-
2151-2008.
[Laeng et al., 2013] Laeng, A., Hubert, D., Ver-
hoelst, T., von Clarmann, T., Dinelli, B. M.,
Dudhia, A., Raspollini, P., Stiller, G.,
Grabowski, U., Keppens, A., Kiefer, M.,
Sofieva, V., Froideveaux, L., Walker, K. A.,
Lambert, J.-C. and Zehner C. (2013). The
Ozone Climate Change Initiative: Com-
parison of four Level 2 Processors for the
Michelson Interferometer for Passive At-
mospheric Sounding (MIPAS), submit-
ted to Remote Sensing of the Enviroment for
Ozone CCI Special issue.
[Raspollini et al., 2006] Raspollini, P., Belotti,
C., Burgess, A., Carli, B., Carlotti, M.,
Ceccherini, S., Dinelli, B. M., Dudhia,
A., Flaud, J.-M., Funke, B., Höpfner, M.,
López-Puertas, M., Payne, V., Piccolo, C.,
Remedios, J. J., Ridolfi, M. and Spang, R.
(2006). MIPAS level 2 operational anal-
ysis. Atmos. Chem. Phys., 6, 5605–5630,
doi:10.5194/acp-6-5605-2006.
[Raspollini et al., 2013] Raspollini, P., Carli, B.,
Carlotti, M., Ceccherini, S., Dehn, A.,
Dinelli, B. M., Dudhia, A., Flaud, J.-M.,
López-Puertas, M., Niro, F., Remedios,
J. J., Ridolfi, M., Sembhi, H., Sgheri, L.
and von Clarmann, T. (2013). Ten years of
MIPAS measurements with ESA Level 2
processor V6 – Part 1: Retrieval algorithm
and diagnostics of the products. Atmos.
Meas. Tech., 6, 2419–2439, doi:10.5194/amt-
6-2419-2013,
[Ridolfi et al., 2000] Ridolfi, M., Carli, B., Car-
lotti, M., von Clarmann, T., Dinelli, B. M.,
Dudhia, A., Flaud, J.-M., Höpfner, M.,
Morris, P. E., Raspollini, P., Stiller, G. and
Wells, R. J. (2000). Optimized forward
model and retrieval scheme for MIPAS
near-real-time data processing. Appl. Op-
tics, 39, 1323–1340.
[Spang et al., 2002] Spang, R., Eidmann, G.,
Riese, M., Preusse, P., Offermann, D., Pfis-
ter, L. and Wang, P. H. (2002). CRISTA
observations of cirrus clouds around the
tropopause. J. Geophys. Res., 107, 8174,
doi:10.1029/2001JD000698.
[Spang et al., 2004] Spang, R., Remedios, J. J.,
and Barkley, M. (2004). Colour indices for
the detection and differentiation of cloud
types in infra-red limb emission spectra.
Adv. Space Res., 33, 1041–1047.
11
ANNALS OF GEOPHYSICS, 56, Fast Track-1, 2013; 10.4401/ag-6338
[von Clarmann et al., 2003a] von Clarmann,
T., Glatthor, N., Grabowski, U., Höpfner,
M., Kellmann, S., Kiefer, M., Linden,
A., Mengistu Tsidu, G., Milz, M.,
Steck, T., Stiller, G. P., Wang, D. Y.,
Fischer, H., Funke, B., Gil-López, S. and
López-Puertas, M. (2003). Retrieval
of temperature and tangent altitude
pointing from limb emission spectra
recorded from space by the Michelson
Interferometer for Passive Atmospheric
Sounding (MIPAS). J. Geophys. Res., 108,
4736, doi:10.1029/2003JD003602.
[von Clarmann et al., 2003b] von Clarmann,
T., Ceccherini, S., Doicu, A., Dudhia,
A.,Funke, B., Grabowski, U., Hilgers, S.,
Jay, V., Linden, A., López-Puertas, M.,
Martin-Torres, F.-J., Payne, V., Reburn,
J.,Ridolfi, M., Schreier, F., Schwarz, G.,
Siddans, T. and Steck, T. (2003). A blind
test retrieval experiment for infrared limb
emission spectrometry. J. Geophys. Res.,
108, 4746, doi:10.1029/2003JD003835, 2003
[von Clarmann et al., 2009] von Clarmann, T.,
Höpfner, M., Kellmann, S., Linden, A.,
Chauhan, S., Funke,B., Grabowski, U.,
Glatthor, N., Kiefer, M., Schieferdecker,
T., Stiller, G. P. and Versick (2009). Re-
trieval of temperature, H2O, O3, HNO3,
CH4, N2O, ClONO2 and ClO from MIPAS
reduced resolution nominal mode limb
emission measurements. Atmos. Meas.
Tech., 2, 159-175, doi:10.5194/amt-2-159-
2009.
12
